OBJECTIVES: The objective of this study was to report long-term results and incidence of reoperations after surgery for acute type A dissection.
INTRODUCTION
Acute ascending aortic dissection (classified as DeBakey type 1 or 2) is a severe condition, with a high risk of a fatal outcome, unless emergency surgery is performed. Although substantial improvement has been accomplished over time, early mortality after emergency operations remains high [1] [2] [3] [4] .
The principal element in the operative treatment of acute ascending aortic dissection is reconstruction and replacement of the ascending aorta to prevent a fatal rupture [5] . Aortic valve incompetence can usually be corrected by the repair of the aortic root and resuspension of the aortic valve commissures [6] . Alternatively, aortic root replacement, often by means of a composite graft or a biological conduit may be required. After successful initial treatment secondary aortic valve incompetence or residual pathology of the descending aorta or thoracoabdominal aorta may require later reintervention [7] [8] [9] .
Due to the emergent nature of aortic dissection, much attention is paid to acute phase and early treatment results. Because the majority of patients will survive the initial treatment, information on the long-term outcome becomes relevant.
In this study, we analyse our results of the surgery for acute ascending aortic dissection. We study the early patient outcome, as well as long-term results, with an emphasis on the durability of valve-preserving operations, valved conduit implantation or allograft root replacement. Finally, the incidence of interventions for residual distal aortic pathology is studied.
obtained for this retrospective follow-up study (MEC number 2011-064); the IRB waived informed consent. Preoperative patient characteristics are displayed in Table 1 .
Primary operation
The operations were performed by 16 attending staff surgeons. Over time, anaesthetic and extracorporeal circulation management and preferred surgical procedures evolved, as detailed below. Two patients early in the series were operated on by a lateral thoracotomy approach. In these patients, the proper diagnosis and nature of the disease were poorly understood and a part of the descending aorta was replaced. All other patients were operated on by median sternotomy, using cardiopulmonary bypass. In most of the patients, remote arterial canulation in the femoral artery was performed before sternotomy. In 2 patients, we used subclavian artery canulation and in 2 patients, the innominate artery was used. Early in the series, patients were operated on using moderate hypothermia and aortic crossclamping high in the ascending aorta. After 1985, we used deep hypothermia and circulatory arrest, with additional retrograde or antegrade cerebral perfusion, introduced in 1997. Patients were cooled to 18-20°C nasal temperature. In patients who required multiple periods of circulatory arrest, the total time of circulatory arrest was calculated by adding up these periods. We did not clamp the aorta before circulatory arrest, unless left ventricular dilatation occured. For myocardial protection, we used cold crystalloid cardioplegia and topical cooling, except in the first patient. The ascending aorta and the aortic arch were opened and after resection of the area of the intimal tear, if present, the aortic arch was reconstructed or replaced. If possible, only the inner curvature of the aortic arch was resected and a bevelled anastomosis with a vascular graft was constructed (hemi-arch replacement). For distal aortic reconstruction, biological glues [Gelatin-resorcinon-formalin glue (Colle biologique, Fii, Saint Just Malmont, France), Bioglue (Cryolife Inc., Kennesaw, GA, USA)], introduced in 1987, or felt strips were utilized. Alternatively, a complete arch replacement was performed. The aortic root and aortic valve leaflets were reconstructed by resuspension of the aortic valve commissures, using pletgetted sutures and biological glues or felt strips if possible. When the aortic valve or aortic root was found to be unsuitable for reconstruction, the aortic valve was replaced, mostly in conjunction with the aortic root and ascending aorta. Finally, the reconstructed aortic root was anastomosed to the vascular prosthesis.
Follow-up
All patients were followed at our institution or by their referring cardiologist. Early in the series, only the clinical follow-up was available. Since 1988, we used protocolled CT scanning after 3 and 6 months and yearly thereafter. In 1990, we instituted a dedicated aortic surgery outpatient clinic. From hospital records or referring cardiologists, we collected information on vital status, reoperations and complications. In addition, we consulted the municipal civil registries to ascertain vital status of all patients. Valve-related complications were defined according to the 2008 guidelines for reporting morbidity and mortality after cardiac valvular operations [10] .
The study database was frozen for analysis on 30 April 2011. The follow-up was 97.8% complete: 5 patients were lost to the follow-up. The mean follow-up duration of hospital survivors was 7.2 years (range 0.2-25.7 years), with a total follow-up of 1331 patient-years.
Reoperations
Indications for reoperation are symptomatic aortic valve insufficiency or allograft deterioration, patients with symptomatic aortic dilatation or an aortic diameter of 6 cm or more during follow-up.
Reoperations on the ascending aorta or aortic valve were performed through a median sternotomy. For reoperations on the descending or thoracoabdominal aorta, we used a lateral thoracotomy or thoracoabdominal approach. Replacement of the descending aorta or thoracoabdominal aorta was performed using deep hypothermia and circulatory arrest or left heart bypass. 
Statistical methods
Continuous data are presented as means [standard deviation (SD); range]. Categorical data are presented as proportions. Univariable and multivariable logistic regression analyses were used to study potential determinants of 30-day mortality. The Cox proportional hazards model was used for univariable and multivariable analyses of time-related events. For the analysis on 30-day mortality and time-related events, using the multivariable Cox regression analysis (stepwise backward method), inclusion criteria were P ≤ 0.10. Criteria for exclusion were P ≥ 0.10.
Variables that were tested as potential risk factors for hospital and late mortality are available as supplementary material. Cumulative survival and freedom from reoperation or reintervention were analysed using the Kaplan-Meier method. The survival of a patient started at the time of primary operation and ended at the time of death (event) or at the last follow-up (censoring). The comparison of Kaplan-Meier estimates was done using the Tarone-Ware test. Late survival of hospital survivors was compared with age-matched survival in the general population and after aortic valve replacement, using a microsimulation model, described previously [11] .
A P-value ≤0.05 was considered statistically significant. All testing was performed two-sided.
For all analyses, SPSS 17.0 for Windows statistical software (SPSS, Chicago, IL, USA) was used.
RESULTS
During the study period, 232 consecutive patients underwent surgery for acute ascending aortic dissection. Figure 1 presents the number of operations per 6-year time periods, showing a steady increase of the number of procedures over time.
The perioperative data for all patients are shown in Table 2 . In 4 patients, no procedure on the ascending aorta was performed: 2 patients were operated by a lateral thoracotomy approach, and 2 patients could not be stabilized during extracorporeal circulation and, the procedure was terminated.
In 197 patients, we used deep cooling and hypothermic circulatory arrest, allowing the construction of an open distal anastomosis or the replacement of (a part of ) the aortic arch. In 2 patients, retrograde brain perfusion was used and in 43, antegrade cerebral perfusion was used. In 9 patients, additional coronary bypass grafting was performed. In 8 patients, this was necessary for coronary ostium disruption due to the dissection, while in 1, a previously placed occluded coronary artery bypass was replaced.
Early morbidity and mortality
Forty-two patients (18.1%) died within 30 days postoperative. In-hospital mortality occurred in 47 patients (20.3%), 6 of them died after 30 days. Twenty-one patients died during the operation. Four of these patients died of uncontrollable bleeding before the institution of extracorporeal circulation or exsanguinated on extracorporeal circulation. Over time, the mortality risk decreased from more than 50 to 12.5% in the time period 2007-11 ( Fig. 1) . Mortality within 60 days was 19.8% (46 patients) and mortality within 90 days was 21.6% (50 patients). Table 3 shows the causes of early mortality.
Factors that were potentially and independently associated with increased 30-day mortality are displayed in Table 4 . 
AORTIC SURGERY
Twenty-four patients (10.4%) were found to have a postoperative cerebrovascular incident (CVA). In patients operated without circulatory arrest, we found 17.1% CVAs; in patients operated using circulatory arrest, we found 9.1% CVAs (P = 0.152). The use of antegrade cerebral perfusion in patients operated with circulatory arrest was not associated with an increased postoperative CVA rate (P = 0.57), although the circulatory arrest time was significantly longer (39.9 min versus 88.7 min; P < 0.001).
Late mortality
During follow-up, 64 patients died. The causes of late death are presented in Table 3 . Overall, cumulative survival (including 30-day mortality) was 53.4% (95% confidence interval [CI] 42.2-58.4%) after 10 years and 29.3% (95% CI 19.9-38.8%) after 15 years ( Fig. 2A) . For the 185 hospital survivors, late survival was 67.5% (95% CI 58.8-76.2%) after 10 years and 37.0% (95% CI 25.3-48.8%) after 15 years, this was impaired compared with the age-matched Dutch population, but comparable with an age-matched patient after aortic valve replacement with a mechanical prosthesis (Fig. 2B) . Factors that were potentially and independently associated with increased late mortality are displayed in Table 4 . Dissection type (DeBakey type 1 or 2) and the type of aortic valve procedure ( preservation, allograft implantation or mechanical conduit implantation) were not associated with late mortality.
Reoperations
Out of 185 hospital survivors, 43 patients underwent a total of 47 reoperations on the heart, the aorta or both. Table 5 presents details on these reoperations.
Reoperations for valve dysfunction. Seventeen patients were reoperated for aortic valve dysfunction. Five patients were reoperated for allograft structural valve deterioration (SVD) after 5.0-12.8 years. In 12 patients, the native aortic valve, preserved or repaired at primary operation, was reoperated after 2 weeks to 14.3 years. In 3 patients, reoperation was necessary within 1 year of the initial operation. Freedom of reoperation for aortic valve dysfunction at 10 years was 85.6% (95% CI 76.4-94.8%) for preserved aortic valves and 84.8% (95% CI 65.2-100%) for allografts (Fig. 3A) . For the allografts, freedom of reoperation for SVD at 15 years was 47.1% (95% CI 12.0-82.2%; Fig. 3A ). For patients presenting with preoperative aortic insufficiency (AI) Grade 0-II who had their aortic valves preserved (n = 157), the freedom of reoperation for aortic valve dysfunction at 10 years was 86.8% (95% CI 76.6-97.0%). Four of 19 patients with preoperative AI Grade III or IV who had their aortic valves preserved had to be reoperated. This led to a freedom from reoperation for aortic valve dysfunction at 10 years of 71.6% (95% CI 44.2-99.0%), which is significantly reduced compared with patients with less severe aortic valve insufficiency preoperatively (Tarone-Ware test P = 0.01; Fig. 3B ).
Six of these 17 reoperative patients required additional replacement of the ascending aorta or the aortic arch. Early reoperative mortality occurred in 1 patient. There were no reoperations after implantation of a mechanical valved conduit or valve prosthesis.
Reoperations on the ascending aorta and aortic arch. Ten patients underwent reoperations on the previously operated ascending aorta or aortic arch. The indications for reoperations were recurrent dissections, rupture of the aorta or (false) aneurysms. In 1 patient, a chronically infected aortic arch prosthesis was replaced by a cryopreserved aortic allograft arch. Deep hypothermia with total circulatory arrest was employed in 7 patients with ascending aorta or arch reconstruction. Two patients died early after reoperation. No specific risk factors for proximal aortic reoperations were identified.
Reoperations for distal aortic pathology. Seventeen patients underwent reoperation for distal aortic pathology. The interval between primary operation and reoperation ranged from 1 day to 13.8 years. One patient was reoperated on 1 day after ascending aortic and aortic arch replacement for persistent distal sutureline bleeding. In this operation, the descending aorta was replaced. In 1 patient, a previously undiscovered aortic coarctation was corrected. All other patients were operated on for descending, thoracoabdominal, abdominal or abdominal aortic aneurysms, mostly in a chronically dissected aorta. Figure 3C shows an actuarial freedom from distal aortic reoperation at 10 years postoperatively of 87.6% (95% CI 80.9-94.3%) for patients after type 1 dissection and 97.4% (95% CI 92.3-100%) for patients after type 2 dissection (Tarone-Ware test P = 0.12). Early reoperative mortality occurred in 3 patients. 
AORTIC SURGERY DISCUSSION
Acute aortic dissection with involvement of the ascending aorta, classified as DeBakey type 1 or 2 or Stanford type A, is a vascular emergency. The mortality of untreated patients is high, although the exact mortality risk is difficult to determine, since prehospital mortality is already considerable. Additional mortality occurs during the initial evaluation and preparation for the surgical treatment of these patients. The mortality rate in the early hours after the onset of the dissection is estimated to be 1-2%/h [12, 13] . In this report, we present our total experience of 232 consecutive patients treated surgically for acute ascending aortic dissection over nearly four decades, beginning in 1972. Our results show an overall 30-day mortality risk of 18.1%. Before 1985, 30-day mortality was >30%. Over time, 30-day mortality steadily declined to 12.5% in the present era . Several reports on acute aortic dissections have published hospital mortality rates of 13-25% [2-4, 14-16]. The International Registry of Acute Aortic Dissection (IRAD) reports in a combined series of 682 patients operated upon in 18 hospitals, an overall in-hospital mortality of 23.9% [17] .
In our series, preoperative resuscitation and longer cardiopulmonary bypass time were independent risk factors for 30-day mortality. The use of circulatory arrest and biological glue were associated with a reduced 30-day mortality risk. Tan et al. [3] also found preoperative cardiopulmonary resuscitation and longer duration of cardiopulmonary bypass to be risk factors for operative mortality. Pompilio et al. [15] found in addition prior myocardial infarction, preoperative renal insufficiency, preoperative shock and age >70 years to be risk factors for hospital mortality. Others found preoperative malperfusion to be a predictor for early mortality [2, 16] . In the IRAD, risk model for early mortality after surgery for acute type A dissection age >70 years, prior aortic valve replacement, preoperative hypotension, shock or tamponade, migrating chest pain, any pulse deficit, intraoperative hypotension, right ventricular dysfunction and coronary bypass surgery were risk factors for mortality, while partial arch replacement was associated with lower mortality [17] . The large number of reported risk factors for early death after surgery for acute aortic dissection illustrates the complexity of these critically ill patients.
Over time, our surgical approach changed significantly from using femoral artery perfusion throughout the operation, moderate hypothermia and aortic cross-clamping to our current practice of initial femoral artery perfusion, avoidance of aortic cross-clamping, deep hypothermic circulatory arrest, with the possibility of antegrade cerebral perfusion allowing for thorough inspection of the aortic arch and proximal descending aorta with adequate reconstruction of the aortic layers and an open distal anastomosis. And finally, we reinstitute cardiopulmonary bypass by the antegrade route, utilizing a vascular prosthesis with a prefabricated side branch. These technical modifications have improved our results remarkably in more recent years, as is reported by others [4, 18, 19] . At present, we prefer the use of deep hypothermic circulatory arrest alone for patients in whom reconstruction of the distal aorta is relatively simple, and usually requires an arrest time of <30 min. In more complex patients, we use additional antegrade cerebral perfusion. With this approach, we did not find an increased mortality rate, or postoperative CVA rate, despite significantly longer circulatory arrest times in these patients.
Long-term survival of patients surviving surgery for acute aortic dissection is impaired compared with the general population as is reported by others [15, 20] . Reduced long-term survival, however, is also found after other cardiac operations. As an example, by using our microsimulation model, we found a comparable reduction in long-term survival in patients after aortic valve replacement. These patients may have a different general risk profile compared with the general population. We found older patient age, prior myocardial infarction, a higher preoperative creatinine, preoperative COPD and impaired left ventricular function to be risk factors for late mortality. In addition, these patients may have residual aortic pathology, especially after DeBakey type 1 dissection surgery. However, in our experience, we could not demonstrate a difference in early or late mortality between type 1 and 2 dissection.
In two-thirds of our patients, we were able to preserve or reconstruct the native aortic valve. For patients without severe preoperative aortic valve insufficiency, the incidence of reoperation for AI was low and statistically not different from patients who underwent valve replacement. Although some authors advocate an aggressive policy of root replacement [21] , we concur with others that making an effort to spare these valves is worthwhile and yields a satisfactory long-term result [6, 22] . Therefore, we advocate aortic valve preservation whenever possible for patients without severe AI. In patients with preoperative severe aortic valve insufficiency who had their valves preserved, however, we found a decreased freedom from reoperation of 71.6%, although this observation was based on only 4 reoperations in a small subgroup of patients. For patients with severe preoperative AI, the operating surgeon has to consider the increased risk of a reoperation after valve preservation in deciding whether or not to attempt to preserve the aortic valve. Alternatives are more complex reconstructions by means of implantation of a valved conduit or David type of reconstruction or aortic valve replacement within the reconstructed aortic root, both with the inherent risks of valve replacement. For patients who received an allograft root, freedom from allograft reoperation at 15 years was a little <50%, comparable with our total experience of aortic allograft root replacements [23] . At present, we do not advocate the use of an aortic allograft for aortic root replacement in acute aortic dissection and prefer the use of a valved conduit.
Patients may require repeat operations on the aorta after successful initial operation. The incidence of proximal reoperations is rather low and in concurrence with other authors [7, 24] . Given our low observed aortic reoperation rate, we find that a more aggressive approach to the aortic arch, as sometimes advocated [8, 25] is not warranted.
Most patients operated upon for a DeBakey type 1 dissection are at risk for progressive dilatation of the chronically dissected downstream aorta. In contrast, patients operated on for a type 2 dissection undergo a 'radical' operation, in which all aortic pathology is completely removed, leaving them without residual aortic pathology. For patients operated upon for DeBakey type 1 dissection, the freedom from distal reoperation at 10 years was 88%. Interestingly, the late survival of types 1 and 2 patients did not differ, indicating a limited influence of this residual pathology on late survival. Some authors advocate a more aggressive approach to the descending aorta, utilizing covered stent grafts into the descending aorta during the primary operation [25] . Although these advanced techniques are theoretically attractive, further experience will have to discover whether these more extensive approaches result in better long-term outcomes, without compromising the early results in these often complicated patients, who need emergency operations, sometimes at inconvenient hours and not always performed by the most experienced surgeons. We believe that one of the key factors in achieving the best possible results for these patients is to perform a well standardized and straight forward procedure to save the patient's life. With this approach, a relatively good longterm prognosis can be achieved for patients surviving a potential lethal condition despite a risk of additional operations.
LIMITATIONS
This study reports the results of a retrospective analysis of a single centre experience over a very long time period with major modifications in preoperative patient management, operative strategy and techniques and follow-up over time. Although we find important changes over time concerning the outcome of these operations, only limited conclusions can be drawn by the nature of this study. In this study, only patients who underwent operations for acute type A aortic dissection were analysed. Patient who died preoperatively or with contraindications were not analysed.
CONCLUSIONS
Acute type A aortic dissection is a severe condition for patients and a challenge for surgeons. Over time, there has been a great improvement in the surgical approaches and patient management, resulting in a decrease of the 30-day mortality from over 30 to 12.5% in recent years. Survival after successful operation is satisfactory, given the disastrous nature of the disease, although it was reduced compared with the general population. The reduced long-term survival is related to general cardiovascular risk factors for late mortality. With the use of modern surgical techniques, the need for reinterventions on the aortic valve and the proximal or the distal aorta is acceptably low.
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